based herbicides to environment is largely due to surfactants in the mixture [Moore et al., 2012; Uren-Webster et al., 2014] .
Glyphosate is applied foliarly, but a significant amount of this herbicide may reach the soil [Lane at al., 2012] . Mostly significant route of glyphosate degradation is decomposition of C-P bond, catalyzed by microbial enzymes: C-P lyase, phosphatases [Forlani et al., 1999] .
Saline soils contain a high amount of soluble salts, primarily Ca , SO 4 2-and CO 3 2- [Siddikee et al., 2011] . Salts in soil have a negative impact on soil physical, chemical, and biological properties and can ultimately deteriorate soil quality in both ecological and agricultural aspects. Salinity detrimentally affects microbial communities and their activity in soils, which are important in recycling of nutrients in soil, increase the fertility and maintain ecological functions [Rietz and Haynes, 2003, Telesiński et al., 2015] .
The aim of study was to determine combined effect of salinity and Avans Premium 360 SL (containing ammonium salt of glyphosate in amounts 360 g/dm 3 ) on soil acid and alkaline phosphomonoesterase activities.
MATERIAL AND METHODS
Top soil (up to 20 cm depth) samples were collected from Gumieniecka Plain (53°24' N and 14°28' E). This field remained under conventional farming practices and no history of glyphosate application in the last 3 years The soil samples were sieved through a 2.0 mm mesh size to remove stones and plant debris. The soil was classified as sandy loam (43% fraction 1.0-0.1 mm, 30% fraction 0.1-0.02 mm, 27% fraction < 0,02 mm) with organic C and total N content 10.91 and 1.39 g/kg, respectively.
Sallow components were divided into half kilogram samples and adjusted to 60% maximum water holding capacity. In the experiment dependent variables were: I -dosages of Avans Premium 360 SL (0, a recommended field dosage -FD, a tenfold higher dosage -10 FD and hundredfold higher dosage -100 FD), II -amount of NaCl (0, 3% and 6%), III -day of experiment (1, 7, 14, 28 and 56). The amounts of Avans Premium 360 SL and ammonium salt of glyphosate added into soil are presented in Table 1 .
Soil samples were precisely stirred and stored in hermetic polyethylene bags at the temperature of 20°C and in a dark place. On the days of experiment activities of alkaline [EC 3.1.3.1] and acid [EC 3.1.3.2] phosphomonoesterase were assayed spectrophotometrically, according to the method of Tabatabai and Bremner (1969) in Margesin (1996) modification. The analyses were carried out using spectrophotometer UV-1800 produced by Shimadzu.
The effects of adding different dosages of Avans Premium 360 SL, different amounts of NaCl and day of experiment on soil phosphomonoestserase activities was analyzed by threeway ANOVA. To assess least significant differences (LSD), Tukey's test was used. Differences with a P value of <0.05 were considered significant. All statistics were done using Statistica 10.0 (StatSoft).
RESULTS AND DISCUSSION
Sandy loam treatments with herbicide Avans Premium 360 SL and NaCl caused different changes of acid and alkaline phosphomonoesterase activities. The observed effect depended on herbicide dosage, amount of NaCl and day of experiment (Figures 1, 2) . A three-way ANOVA showed a significant effect of all treatments on acid and alkaline phosphomonoesterases at P<0.05 (Table 2 ). After the application of Avans Premium 360 SL the inhibition of acid and alkaline phosphomonoesterase was reported. This effect increased with increase of herbicide decrease ( Treatments with sodium chloride in amount of 6% decreased activity of phosphomonoesterases (Table 3) . Other researchers also indi- . Inhibition of enzyme activity in saline soils could be due to the osmotic dehydration of the microbial cells that liberate intracellular enzymes, which become vulnerable to the attack by soil proteases, with a consequent decrease in enzyme activity. The salting-out effect modifies the ionic conformation of the protein-enzyme active site, and specific ionic toxicity causes nutritional imbalance for microbial growth and subsequent enzyme synthesis [Telesiński et al. 2015] . However, the application of NaCl in the amount of 3% caused a significant increase of acid phosphomonoesterase activity in soil (Table 3) . These findings were also expressed by a significant interaction effect of dosage of Avans Premium 360 SL vs. NaCl amount. Further, there was a significant interaction effect between herbicide dosages and salinity vs. day of experiment (Table 2 ). In soil with NaCl, especially at amounts of 6% the decrease effect of Avans Premium 360 SL on phosphomonoesterases was mainly higher than in soil without salt. Telesiński et al. [2015] found that soil salinity intensified the negative effect of cadmium on phosphomonoesterases activity in the sandy loam. Values denoted by the same letters within a column do not differ statistically.
CONCLUSIONS
1. Application of glyphosate-based herbicide Avans Premium 360 SL decreased acid and alkaline phosphomonoesterase activity in sandy loam.
2. Significant interaction effect between the dosage of Avans Premium 360 SL, NaCl amount and day of experiment was reported in the experiment. Application of NaCl in the amount of 3% increased acid phosphomonoesterase activity. The effect of the day of experiment was unclear.
3. The inhibitory effect of Avans Premium 360 SL was the highest in soil with NaCl at the amount of 6%.
